Abstract-Cycloadditions
Introduction
1,3-Dipolar cycloaddition reaction offers a versatile route for building five-membered heterocycles.
1 Among dipoles, carbonyl ylides generated from thermal electrocyclic ring opening of epoxides are known to undergo [3+2] cycloaddition with -bonds to afford oxacyclic systems.
2
A rising number of articles have advocated the use of microwave technology in organic synthesis. Harsh conditions such as high temperatures and long reaction times often required for cycloaddition reactions could generally be reduced using this technique. 3 In 2003 we have published the first microwave-induced syntheses of tetrahydrofurans using 1,3-dipolar cycloaddition reactions of alkenes with carbonyl ylides generated from epoxides. 4 In continuation of our investigation, we studied the syntheses of dioxolanes and oxazolidines using reactions of aldehydes and imines, respectively, instead of alkenes with the same 1,3-dipoles. We report here our results on the preparation of 2,4-disubstituted 1,3-dioxolane-5,5-dicarbonitriles and 2,3,4-trisubstituted 1,3-oxazolidine-5,5-dicarbonitriles under microwaves.
Results and discussion
The cycloaddition reactions between a series of aldehydes and carbonyl ylides generated in situ from the oxiranes 1 (X = H, Cl, OMe) were first attempted using different reaction conditions and methodologies. The best results were obtained using a solvent-free reaction coupled with microwave irradiation, 5 with reduction of reaction times in comparison to classical heating conditions.
2d,e
Several experiments were performed, at various powers and irradiation times, in order to find the most adequate conditions, which are presented in Table 1 . Thus, the dioxolanes 2-3 have been prepared by irradiating the mixtures of aldehyde (3,4,5-trimethoxybenzaldehyde or piperonal) and epoxide for 30-45 min so as to keep the temperature of the reaction mixture at 80-120°C.
The reactions did not proceed when the reactants were heated without solvent in an oil bath, because of the more rapid decomposition of epoxides. The use of toluene at reflux afforded the dioxolanes 2-3 in similar yields, but after 35 to 72 h of stirring, depending on the electron- As previously reported with benzylidene anilines as imines, 2b,f the 1 H NMR spectral analysis shows one diastereoisomer is predominantly formed (its relative configuration was not determined), with diastereoisomeric ratios varying from 90:10 to 100:0.
Using microwave irradiation without solvent, the expected oxazolidines 4-7 were also formed but rapidly converted to the corresponding 2,3,4-trisubstituted 2,3-dihydrooxazole-5- 
Conclusion
We have synthesized novel 1,3-dioxolanes using 1,3-dipolar cycloaddition of aldehydes with carbonyl ylides generated from epoxides, taking advantage of microwave irradiation under solvent-free conditions.
Concerning the reactions of imines with the same carbonyl ylides, the classical heating was preferred for the synthesis of novel 1,3-oxazolidines, since the compounds formed proved unstable under microwave irradiation. The synthesis of 2,3,4-trisubstituted 2,3-dihydrooxazole-5-carbonitriles under microwave irradiation will soon be investigated.
Experimental

General
Melting points were measured on a Kofler apparatus. NMR spectra were recorded with a 
General procedures 1 and 2:
General procedure 1: A mixture of epoxide (2.0 mmol) and aldehyde (2.0 mmol) was heated in a microwave oven (power, temperature and time are given in the product description). The residue was purified as specified in the product description.
General procedure 2: A mixture of epoxide (2.0 mmol) and aldehyde (2.0 mmol) in dry toluene (30 mL) was heated at reflux under N 2 . The mixture was then evaporated to dryness and purified as specified in the product description. 
2-(4-Chlorophenyl)-4-(3,4,5-trimethoxyphenyl)-1,3-dioxolane-5,5-dicarbonitrile (2-Cl).
The general procedure 1 (60 W, 9 min to reach 100°C, 12 min to reach 120°C, and 40 min at 120°C), using 3-(4-chlorophenyl)oxirane-2,2-dicarbonitrile (1-Cl, 0.41 g) and 3,4,5- 
4-(1,3-Benzodioxol-5-yl)-2-phenyl-1,3-dioxolane-5,5-dicarbonitrile (3-H).
The general procedure 1 (60 W, 6 min to reach 100°C, 9 min to reach 120°C, and 40 min at 120°C), using 3-phenyloxirane-2,2-dicarbonitrile (1-H, 0.34 g) and piperonal (0.30 g), gave a 2 (reflux of 72 h), using 3-(4-chlorophenyl)oxirane-2,2-dicarbonitrile (1-Cl, 0.41 g) and piperonal (0.30 g), gave a 60/40 mixture from which the preponderant diastereoisomer 3a-Cl was isolated by recrystallization from petrol/Et 2 O 80:20 in 28% yield. (reflux of 48 h), using 3-(4-methoxyphenyl)oxirane-2,2-dicarbonitrile (1-OMe, 0.40 g) and piperonal (0.30 g), gave a 71/29 mixture from which the preponderant diastereoisomer 3a-
4-(1,3-Benzodioxol-5-yl)-2-(4-methoxyphenyl)-1,3-dioxolane-5,5-dicarbonitrile (3-OMe
OMe was isolated by recrystallization from petrol/Et 2 O 80:20 in 54% yield.
General procedure 3:
A mixture of epoxide (2.0 mmol) and imine (2.0 mmol) in dry toluene (30 mL) was heated at reflux under N 2 . The mixture was then evaporated to dryness.
The residue was dissolved in a minimum of Et 2 O. Upon addition of petrol, the precipitate formed was collected by filtration before recrystallization from Et 2 O.
3-Methyl-2,4-diphenyl-1,3-oxazolidine-5,5-dicarbonitrile (4a). The general
procedure 3 (reflux of 24 h), using 3-phenyloxirane-2,2-dicarbonitrile (1-H, 0.34 g) and N- 
2-(4-Chlorophenyl)-3-methyl-4-phenyl-1,3-oxazolidine-5,5-dicarbonitrile (4b).
The general procedure 3 (reflux of 20 h), using 3-(4-chlorophenyl)oxirane-2,2-dicarbonitrile (1- 
2-(4-Methoxyphenyl)-3-methyl-4-phenyl-1,3-oxazolidine-5,5-dicarbonitrile (4c).
The general procedure 3 (reflux of 5 h), using 3-(4-methoxyphenyl)oxirane-2,2-dicarbonitrile
( 
3-Methyl-2-(4-nitrophenyl)-4-phenyl-1,3-oxazolidine-5,5-dicarbonitrile (4d
4-(1,3-Benzodioxol-5-yl)-2-phenyl-3-propyl-1,3-oxazolidine-5,5-dicarbonitrile (5a).
The general procedure 3 (reflux of 27 h), using 3-phenyloxirane-2,2-dicarbonitrile (1-H, 0.34 g) and N- [1,3-benzodioxol-5-ylmethylene] -[1,3-benzodioxol-5-ylmethylene] The general procedure 3 (reflux of 32 h), using 3-phenyloxirane-2,2-dicarbonitrile (1-H, 0.34 g) and N- [1,3-benzodioxol-5-ylmethylene] -[1,3-benzodioxol-5-ylmethylene] -[1,3-benzodioxol-5-ylmethylene] 
